The 474-bp long terminal repeat (LTR) of the basidiomycete Lentinula edodes retrotransposon was found to contain a different type of transcription terminationpoly (A)-addition signal on each strand: TATGT---TATG---TCT, first reported in yeast genes, and an AATAA (or ACATAA)---GT(Py)-rich sequence, frequently found in mammalian genes.
Long terminal repeat (LTR)-type (class I) retrotransposons have been found in various eukaryotic genomes. 1, 2) All of these DNA units have the same overall form: LTRs (250-500 bp) surrounding the longer central region encoding group-specific antigens (GAG), protease (PRO), and polymerase (POL) (reverse transcriptase RT, RNase H RH, and integrase IT). Usually the LTRs contain transcription initiation signals of TATA box(es) etc. and a poly (A)-addition signal of an AATAAA (or AATAAA-like) sequence on the (GAG-POL)-coding strand. We isolated an LTR-type retrotransposon from the basidiomycetous mushroom Lentinula edodes and designated it Le.RTn1. The LTR (474 bp) of Le.RTn1 contained, in addition to three TATA (or TATA-like) boxes, two types of transcription termination-poly(A)-addition signals occurring on different strands from each other. Both signals were thought to function in L. edodes. This is the first report to the effect that the LTR of retrotransposon works as a dual terminator to transcription.
Isolation of the Le.RTn1 was as follows: Our previous studies 3, 4) showed the presence of a novel gene shp1 that encodes a 115 amino acid (aa) protein with a cytochrome P450 heme-binding domain on genomes of L. edodes dikaryotic strain FMC2. Upstream of the coding sequence of shp1, there existed a 474-bp LTR sequence and an intact IT domain of retrotransposons.
To determine the whole sequence of Le.RTn1, polymerase chain reaction (PCR) was done using a forward primer, 5 0 -GCCTGGTCCCTTATCTTGACCTCTCTG-TC-3 0 (nucleotides nt 239-267 within the LTR sequences on the same strand as that encoding the IT domain, refer to the upper sequences of Fig. 2a ) and a reverse primer, 5
0 -GTCGTCTTGTCGTCGTCCTACA-TAGAGGC-3 0 (the sequence complementary to that encoding the C-terminal sequence of the IT domain). The amplified 5-kb DNA contained half of 5 0 (left) LTR, which should be identical to 3 0 (right) LTR, and the central region of gag-(pro+pol). The 5-kb sequences were combined with the aforementioned sequences including the IT domain-coding sequence and the complete 3 0 LTR. The unanalyzed 5 0 half sequences of 5 0 LTR were estimated from the corresponding sequences of 3 0 LTR. The full length of Le.RTn1 was thought to be 6,213 bp (see Fig. 1 ).
In Le.RTn1 two internal overlapping ORFs, ORF A and ORF B occurred on the same strand in the same direction (Fig. 1) . ORF A started at the ATG codon (nt 781-783) and continued to a TAA stop codon (nt 1,984-1,986). This ORF (1,203 nt) was predicted to encode a GAG protein (401 aa) with a zinc-finger DNA-binding domain (Cys-X2-Cys-X9-Cys) 1, 2) extending from aa 264 to aa 277. ORF B was thought to start at the CGC codon (nt 1,904-1,906), judging from the fact that its preceding codon is UAA stop codon, and to continue to a TAA stop codon (nt 5,726-5,728). This ORF (3,822 nt) was predicted to encode a polypeptide (1,274 aa) containing PRO and POL (RT, RH, and IT) domains. Translation of ORF B was thought to occur by ribosomal frameshifting 1, 2) in the C-terminal region of the GAG domain (Fig. 1 ). Significant aa similarity has been reported for the PRO+POL region. The aa sequence of the PRO+ POL of Le.RTn1 was particularly similar to that of marY1 2) isolated from the basidiomycetous mushroom of Tricholoma matsutake (47% identity and 63% similarity). Differently from the case of Le.RTn1, PRO and POL were separated from each other in marY1. The 5 0 and 3 0 LTRs of Le.RTn1 were terminated by a 5-bp inverted repeat of 5 0 -TGTCA---TGACA-3 0 (Fig. 2a) . The stop codon (TAA) of ORF B and 5 0 -TGTCA were separated by a polypurine tract GGAGGGGG (putative primer binding site for plus-strand DNA synthesis 1, 2) and TAA. The LTRs contained three TATA (or TATA-like) boxes, viz., TATTACAT (nt 183-190), TATATATA (nt 217-224) and TATTATTA (nt 296-303), and two CTrich sequences on the same strand as the (GAG-POL)-coding strand (the upper sequences of Fig. 2a) , and also three direct repeats DR1, DR2 and DR3.
The LTRs contained the sequences TATGT (nt 284-288)---TATG (nt 306-309)---TCT (nt 330-332), which have been reported to be a transcription terminationpoly (A)-addition signal in some but not all genes of yeast, 5, 6) on the (GAG-POL)-coding strand (the upper sequences of Fig. 2a) . Of interest was the fact that the LTRs contained, on the complementary strand (the lower sequences of Fig. 2a To determine whether the two types of transcription termination-poly (A)-addition signals are functional in L. edodes, we attempted to isolate cDNAs with parts of the LTR sequences and determine their 3 0 poly (A)-addition sites (and in some cases 5 0 ends) within the LTR sequences. Since preliminary Northern-blot analysis using a 32 P-labeled probe of the LTR gave five to 10 stronger hybridization signals (in a region ranging from about 1,200 bases to about 350 bases in size) for the RNA blot from mature fruiting bodies of L. edodes, a mature fruiting-body cDNA library in gt10 of L. edodes FMC2 was screened using the LTR probe. Five positive cDNA clones were obtained (Fig. 2b) . Each of the sequences of the LTR portions in the five clones was identical to the sequence shown in Fig. 2a . Clone 1 (641 bp) was found to be shp1 cDNA mentioned earlier. The 5 0 end of shp1 cDNA (possibly the transcription start point tsp for shp1) was determined to be at nt 340 that is 37-nt downstream from the most downstream TATA box (see the upper sequences of Fig. 2a and b) , indicating that LTRs play a role as a promoter, like those of proretorovirus DNA and LTR-type retrotransposons. Clones 2 and 3 were short cDNAs (278 bp and 284 bp), of which 5 0 ends and 3 0 poly (A)-addition sites were at nt 90 and nt 342, respectively (see the upper sequences of Fig. 2a and b) . The lengths of their 3 0 poly (A) tails were slightly different. The 3 0 poly (A)-addition site of clones 2 and 3 was 10-nt downstream from the TCT sequence in the signal of TATGT---TATG---TCT (see the upper sequences of Fig. 2a and b) . The poly (A)-addition sites in yeast genes have been reported to occur at an average of 10-nt downstream from the most downstream TTT (TTC or TCT) sequence. 5, 6) Hence TATGT---TATG---TCT is thought to play a role as a signal in L. edodes. For all our efforts, longer cDNAs containing the internal region of gag-(pro+pol) of Le.RTn1 were not obtained. Concerning this the following two explanations are possible: Discrete hybridization signals were not detected at positions corresponding to the sizes of mRNA molecules that cover almost entire length of Le.RTn1. The Le.RTn1 transcripts might be cleaved by some intracellular RNase(s) at nt 90. Alternatively a first cDNA strand synthesis might somehow have stopped at nt 90 in the PCR experiment. Clone 4 was the cDNA (691 bp) encoding an unidentified protein (Fig. 2b) . Its 3 0 poly (A)-addition site was at nt 224, which is located between two overlapped AATAA sequences and a GT(Py)-rich sequence (see the lower sequences of Fig. 2a and b) . Clone 5 was the cDNA (1,155 bp) encoding an unidentified protein (Fig. 2b) . The 3 0 poly (A)-addition site was at nt 276, which is located between ACATAA and a GT(Py)-rich sequence (see the lower sequences of Fig. 2a and b) . The 5 0 ends of clones 4 and 5 were outside of the LTR sequence. In mammalian and eukaryotic viral genes poly (A)-addition sites have been reported to occur between AATAAA and GT(Py)-rich sequence. 1, 7) These facts strongly suggest that the signal sequences within the LTR of clones 4 and 5 function in transcription termination and poly (A)-addition for L. edodes genes. Conclusively the LTRs of the mushroom L. edodes retrotransposon work as a dual terminator to transcription in L. edodes. So far we have isolated various genes from L. edodes and have analyzed their transcription termination-poly(A)-addition signals and also poly(A)-addition sites. The priA, 8) priB, 9) and Le.cdc5 10) genes that are most actively transcribed in primordia and in the early stage of fruiting-body formation have yeast-type signals. Le.paa (encoding a regulatory subunit A of protein phosphatase 2A) 11) and Le.phrA (encoding a blue-light photoreceptor) 12) which are almost constitutively transcribed in the course of fruiting-body formation also have yeasttype signals. On the other hand, mfbC 13) specifically transcribed in mature fruiting bodies, Le.recQ 14) constitutively transcribed in the course of fruiting-body formation, uck1 (encoding UMP-CMP kinase), 15) actively transcribed in the later stages of fruiting-body formation, and Le.cyp1 (encoding a cytochrome P450) 16) actively transcribed in primordia, all have mammal-type signals.
Southern-blot hybridization suggested that two genomes of FMC2 strain carry approximately 70 copies of Le.RTn1 and its deletion derivatives and more than 100 copies of solo LTRs (data not shown). As mentioned above, Northern-blot analysis has suggested that five to ten species of mRNAs with parts of the LTR sequence are present in L. edodes and thus more than 90% of solo LTRs may be present in non-transcribed spacer regions. We cloned, in this study, four cDNAs (clones 2-5) with LTR-derived transcription termination-poly(A)-addition signals. The L. edodes genes described above have their own transcription termination-poly(A)-addition signals. These data and results suggest that only a limited number of solo LTR sequences work as transcription terminators on L. edodes genomes.
